Abstract Hypertension, a major risk factor for cardiovascular diseases, is among the leading causes of morbidity and mortality worldwide. Genetic predisposition to the risk of developing hypertension due to angiotensin-converting enzyme (ACE) gene insertion(I)/deletion(D) polymorphism (through altered serum ACE activity) is well documented among various populations. The present study investigated the possible association between ACE (DD) genotype and hypertension using a nested case-control study design including 451 individuals (of either sex in the age group 30-65 years) from a rural North Indian population practicing agriculture and lactovegetarianism. Blood Pressure was classified using JNC-7 criterion. Age-and sex-matched individuals were selected from normotensive (N-122), pre-hypertensive (N-123), hypertensive not on medication (N-122), and hypertensive on medication (N-84) categories. Amplification of DNA and genotyping of PCR product was done using standard protocols. From the analysis, comparatively higher frequency of individuals with DD genotype in the hypertensive category was observed, indicating a possible relation between DD genotype and hypertension. The odds ratio analysis revealed 2.225 (1.13-4.37)-fold significant increased risk for hypertension among cases, validating the vulnerability of individuals with DD genotype towards hypertension. Thus, the present study highlights the increased risk for developing hypertension due to ACE DD genotype in the studied population.
Introduction
Hypertension is one of the preventable risk factors for cardiovascular disorders, characterized by elevated blood pressure (systolic blood pressure, SBP ≥140 mmHg and/or a diastolic blood pressure, DBP ≥90 mmHg). It is a complex multifactorial trait that may lead to complications like stroke, heart disease, kidney failure, blindness, and cognitive impairment. Hypertension is an important modifiable risk factor for premature deaths globally and is directly responsible for deaths due to stroke and coronary heart diseases, myocardial infarction, etc. Approximately 9.4 million deaths worldwide have been reported annually due to hypertension (Lim et al. 2013; WHO 2015) . Hypertension is one of the predominant risk factors for cardiovascular diseases in developing countries such as India. Recent literary evidence has reported the prevalence of hypertension to be 29.8% among Indian population, with huge differences in prevalence between rural and urban regions (Anchala et al. 2014; Bhat et al. 2015) .
Genetic predisposition also increases the susceptibility to various complex disorders and associated risk factors like elevated blood pressure (Erdmann et al. 2010; Qi et al. 2012 ). The genetic makeup of an individual could be an important risk factor for increased susceptibility to hypertension. Till date, a total number of 2129 genes have been associated with hypertension (CSELS, 2017) . Angiotensin-converting enzyme (ACE) gene is one of the candidate genes involved in Electronic supplementary material The online version of this article (doi:10.1007/s12687-017-0321-9) contains supplementary material, which is available to authorized users. rennin angiotensin-aldosterone system (RAAS). ACE enzyme converts inactive angiotensin I into active angiotensin II and also degrades bradykinin to maintain homeostasis of blood pressure (Baudin 2002; Coates 2003; Fleming 2006) . Therefore, an increase in serum ACE activity is implicated in elevated blood pressure or hypertension. The ACE insertion/deletion (I/D) gene polymorphism of a 287 Alu element is located in intron 16 on chromosome 17. In spite of its location in non-coding region, ACE I/D gene polymorphism appears to regulate the serum ACE activity. Several epidemiological studies have reported positive association of ACE gene I/D polymorphism with hypertension, specifically DD genotype being associated with elevated blood pressure among different populations (Tiret et al. 1992; Martinez et al. 2000; Choudhury et al. 2012; Singh et al. 2016; Krishnan et al. 2016; Paramasivam et al. 2016) . Populations with rural agricultural background practicing lacto-vegetarian diet (Key et al. 1999 ) and high physical activity (Ekblom-Bak et al. 2014 ) are expected to be cardio-protected. Despite practicing lacto-vegetarianism and their engagement in high physical activity due to agricultural background, majority of the studied population was found to have elevated blood pressure in the form of hypertension and pre-hypertension (70%) (communicated elsewhere). Thus, the present study is an attempt to understand an association of ACE I/D polymorphism with elevated blood pressure in a Mendelian population with rural agricultural background and lacto-vegetarian diet.
Methods
The present study is a part of a major research project funded by Department of Biotechnology (DBT), Government of India. Under this project, 1634 individuals from either sex belonging to the age group 30-65 years were recruited from a Mendelian population from Palwal district, Haryana. Data on demographic (age and sex), physiological (blood pressure), somatometric [body mass index (BMI), waist circumference (WC), waist hip ratio (WHR)], biochemical (fasting glucose and lipid profile) and lifestyle (education, alcoholism, and smoking status) variables were collected from the recruited individuals unrelated upto first cousins. The categorization of subjects into different categories was done as per the JNC-7 criterion (hypertension, SBP ≥140 mmHg or DBP ≥90 mmHg; pre-hypertension, SBP 120-139 mmHg or DBP 80-89 mmHg; normal blood pressure, SBP <120 mmHg and DBP <80 mmHg). Of total 1634 individuals, 92 individuals were found to be clinically established hypertensive cases and were on medication for blood pressure control, of which comprehensive data on only 84 individuals was available. The selection of hypertensives not on medication (N-122), prehypertensives (N-123), and normotensives (N-122) was done matching them for age and sex with the established hypertensive cases on medication. A total of 451 individuals in four different categories were finally included in the study. Individuals with hypertension (both on medication and not on medication) were considered as hypertensive cases and pre-hypertensive and normotensive individuals were considered as controls. DNA samples of the individuals in studied groups were screened for ACE I/D gene polymorphism by using PCR followed by genotyping on 2% agarose gel (Rigat et al. 1990 ). Statistical analysis was performed using IBM SPSS statistics for Window 20, Version 20.0. (Armonk, NY: IBM Corp.). p value <0.05 was considered as statistically significant and p value 0.05-0.09 was considered suggestive.
Results
When the genotypic distribution among hypertensive cases and controls was compared, no statistically significant difference was observed. Further, normotensive category was compared independently with all the other four categories (hypertensives on medication, hypertensives not on medication, pre-hypertensives, and cases) with respect to ACE polymorphism (Table 1) . From the distribution analysis, it was evident that individuals carrying DD genotype were significantly higher among all the case categories compared to normotensive category. Further, ACE D allele frequency was observed to be ≥0.6 among selected case categories, i.e., cases (0.61), hypertensive on medication (0.60), hypertensive not on medication (0.62), and pre-hypertensive (0.60).
As cases and controls were matched for sex and age, differences between the two with respect to lifestyle, somatometric, and biochemical variables were analyzed among the selected categories. Confounders for hypertension such as body mass index (BMI), waist circumference (WC), waist-hip ratio (WHR), fasting blood glucose, triglyceride (TG), very-low-density lipoprotein (VLDL), and smoking were found to be significantly higher among cases when compared to the normotensives (supplementary table 1). Crude odds ratio (OR) analysis indicated that DD genotype posed almost 2-fold significant increased risk (p value 0.024) whereas adjusted odds ratio analysis (for all the confounders) indicated more than 2-fold increased risk (p value 0.02) of hypertension among the cases (Table 2) . Further, DD genotype appeared to pose more than 1-fold increased risk for hypertension (elevated blood pressure) in all the categories when odds ratio adjusted for confounders was calculated for pre-hypertension 
Discussion
In the present study, individuals with DD genotype were found to be significantly higher among all the four categories (individuals with hypertension and were on medication, hypertension were not on medication and pre-hypertension) compared to the normotensive individuals, indicating some sort of DD genotype or D allele association with elevated blood pressure. Whereas the cases when compared to controls with respect to ACE I/D gene polymorphism, no statistically significant difference was observed. This could possibly be due to inclusion of pre-hypertensive individuals with overrepresented DD genotype in control group affecting the association of DD genotype with hypertension. Hypertension categorized as per JNC-7 criterion identifies individuals only with blood pressure SBP >140/DBP>90 as hypertensive cases and the rest as controls (JNC-7 2004) . Therefore, many of the case-control studies reporting no association of DD genotype with hypertension (Ashavaid et al. 2000; Nair et al. 2003; Randhawa et al. 2006; Gupta et al. 2009; Badaruddoza 2012) could have been the case of inclusion of prehypertensive in control group. Further, the adjusted odds ratio analysis revealed more than 2-fold increased risk for hypertension among individuals with ACE DD genotype. The ACE D allele is implicated in the enhanced serum ACE activity in human body. The increased ACE level is responsible for the conversion of inactive angiotensin I to active angiotensin II which is a potent vasoconstrictor. Additionally, ACE D allele plays a role in metabolizing the bradykinin, a potent vasodilator. Therefore, in the present study as well, D allele in homozygous condition, i.e., DD genotype, is expected to make individuals with DD genotype more susceptible to hypertension (Sayed-Tabatabaei et al. 2006) .
The positive association of DD genotype with hypertension as seen in the present study was found to be in concordance with the previous studies reporting positive associations (Choudhury et al. 2012; Zarouk et al. 2011; Paramasivam et al. 2016; Krishnan et al. 2016 ; Shanmuganathan et al. (Gupta et al. 2009 ). The strength of the study was the selection of cases and controls from a single Mendelian population group wherein most of the confounders like geography, ethnicity, language, culture, food habits, and lifestyle are minimized or controlled to the maximum. India is a country with high genetic diversity due to the presence of numerous Mendelian groups distinctly separated by geographical and cultural boundaries. A decreasing cline of ACE D allele observed from west to east (Rinaldi 2012) and north (Europeans) to south (Asians) (Fiuza-Luces et al. 2011) on globe has been reported. In Indian context, D allele frequency has been reported to be ranging from 0.26 to 0.78 among different population groups and more than 0.5 among majority of them (Gupta et al. 2009; Saraswathy et al. 2009; Zarouk et al. 2011; Krishnan et al. 2016 ). In the presently studied population group, high prevalence of hypertension (33%-communicated elsewhere) along with a relatively high frequency of D allele (0.6) was observed. Such co-existence of hypertension and D allele could pose a risk for future cardiovascular disorders, specifically in a population which is supposedly cardio-protected with its lacto-vegetarian diet and high physical activity through agricultural practices.
In addition to this, DD genotype has also been reported to be higher among older age group proposing its association with longevity (Schachter et al. 1994; Petranović et al. 2012; Garatachea et al. 2013) . Despite DD genotype being associated with hypertension, a risk factor for cardiovascular complex disorders, it has been proposed to be protective among higher age groups (Fiuza-Luces et al. 2011; Petranović et al. 2012 ). This anticipated association could be explained through pleiotropic effect of a gene or an allele, leading to adversities at younger age and protection advancing age or an unspecified protective role, independent of cardiovascular system possibly through suggestive neuro-endocrinal activity in brain, immuno-modulating activity in cytotoxic T lymphocytes (Schachter et al. 1994) , enhanced tissue repair (Garatachea et al. 2013 ) conservation of mass/strength (Woods et al. 2001) , favoring the survival of individuals with DD genotype till such an age maturity. Alternately, this could also hint towards an association of II genotype with morbidity/mortality at younger age and thereby low frequency of II genotype among older population. However, the impression of DD genotype contributing to exceptional longevity could also be attributed to medical supervision under which hypertensive individuals with DD genotype had achieved improved health status enabling them to survive till such an age maturity.
In developing countries like India that are undergoing demographic transition, individuals with age ≥50 years are expected to form 31% of the total population by 2050; hypertension is not only a health concern but also an economic distress. As estimated by WHO's EPIC model, India may suffer huge financial loss during 2012-2030 due to CVDs alone, attributed to reduced work force due to cardiovascular morbidities and/or reduction in investment of capital for CVDs' treatment (Bloom et al. 2014) .
Thus, such population specific associations need to be validated among various other population groups with bigger sample sizes to initiate health awareness and developmental programs specifically in light of the candidate gene polymorphisms like ACE insertion/deletion.
